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(54) Circuit arrangement and method for testing same

(57) The invention relates to a circuit arrangement
and to a method for testing same. A circuit arrangement
is provided that comprising a plurality of functional units
which are coupled by at least one streaming data bus.
Each of the functional units comprises a plurality of hard-
ware modules and a switch matrix. At least one of the
streaming data busses is provided with a data width of
at least that of the widest hardware module of any of the

functional units of the circuit arrangement. The switch
matrices are configurable to establish a streaming data
path between and through the plurality of functional units
which is used as a test link for any of the hardware mod-
ules of the circuit arrangement. The invention provides
for non-intrusive real-time tracing in SoCs with a mini-
mum of additional hardware resources and at low cost
in terms of die size and power consumption.
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Description

Field of the invention

[0001] The invention relates to a circuit arrangement
and to a method for testing the circuit arrangement. More
particularly the invention relates to test and real-time
trace of systems on chips (SoCs).

Background of the invention

[0002] Debug and trace tools and techniques play an
exceptionally important role at all stages of design of in-
tegrated circuitry. Debugging complex Systems on a
Chip (SoC) requires the observability of internal signals
at speed. This needs to be possible without any influence
on the real time behavior of the SoC.
[0003] Modern telecommunications modems require
complex Systems-on-Chip (SoC) solutions and they are
very hard to debug if the system does not provide dedi-
cated debug and trace capabilities. Typically, a modem
is implemented using one or more processor cores that
control additional computational logic.
[0004] Debugging typically refers to the detection and
resolutions of behavioral flaws of the software running
on the embedded cores. For debugging, special test
modes are implemented in the SoC.
[0005] Traditional debug and software based tracing
techniques can be often unacceptably invasive, burden-
some or impractical. Current hardware assisted tracing
techniques help, but there are still many limitations. Also,
a system wide approach is necessary to analyze the in-
teroperations between the many processing agents and
the complex infrastructure on an SoC. When debugging
the embedded software, the SoC is most likely not work-
ing at speed, and parts of the SoC are isolated for better
controllability and observability (measure for how well
internal states of a system can be inferred by knowledge
of its external outputs). Controllability and observability
are dual aspects of the same problem. In order to assist
the implementer with identifying programming or imple-
mentation flaws on system level, modern implementa-
tions include several trace features. Trace features allow
observability of internal signals in normal operation mode
whereas the normal function is not influenced by the
trace.
[0006] One example of a conventional trace architec-
ture is ARM’s CoreSight® architecture, see e.g. at http:
//www.arm.com/products/system-ip/debug-trace/core-
sight-architecture.php. In a typical System-on-Chip im-
plementation, the CoreSight infrastructure includes a de-
bug subsystem and a trace subsystem. Each processing
element (DSP, CPU etc.) can be paired with an instruc-
tion/data trace IP block (ETM - Embedded Trace Module)
or program (PTM) trace IP block, enabling it to generate
trace information about executed instructions or program
flow respectively. This architecture, however, requires
much of additional logics such as trace arbiter and ETMs,

many multiplexers, additional large buses and large wir-
ing overhead. So the main disadvantage of this approach
is the additional hardware cost of the additional trace
circuitry.
[0007] In summary, a deficiency of the prior art is that
both test and trace features need additional dedicated
hardware resources which are consuming extra power
and increase the cost by increasing the die size of a chip,
while the challenge remains that the system behavior
must not be influenced by real time tracing.
[0008] It is therefore a general object of the invention
to provide a method for testing circuit components which
requires a minimum of additional test hardware and wir-
ing so to provide for less power consumption and less
chip area required. Another object of the invention is to
provide a non-intrusive method for test and real-time
trace for systems on a chip (SoCs), i.e. a method that
does not influence system behavior by real time tracing
operation.

Summary of the invention

[0009] According to a first aspect of the invention a
circuit arrangement comprising a plurality of functional
units that are coupled by at least one streaming data bus
is provided. Each of the functional units comprises a plu-
rality of hardware modules and a switch matrix. The
switch matrix has at least one streaming data input and
at least one streaming data output and is connected be-
tween a streaming data input and a streaming data output
of the respective functional unit and is further coupled to
each of the hardware modules so that by configuring the
switch matrix a streaming data path is established be-
tween and through the plurality of functional units. At least
one of the streaming data busses has a data width of at
least that of the widest hardware module of any of the
functional units of the circuit arrangement so that it may
be configured as a test link for any of the hardware mod-
ules of the circuit arrangement.
[0010] In one embodiment of the invention the plurality
of functional units of the circuit arrangement are coupled
by a single streaming data bus, and the switch matrices
of the functional units are configurable to connect a single
one of the hardware modules that is to be tested between
the single streaming data input and the single streaming
data output while detouring all of the other hardware mod-
ules of all functional units of the circuit arrangement.
[0011] In another embodiment of the invention the plu-
rality of functional units of the circuit arrangement are
coupled by a first and a second streaming data bus, and
at least one of the streaming data busses has a data
width of at least that of the widest hardware module of
any of the functional units of the circuit arrangement, for
use as a test link. In this embodiment the switch matrices
are configurable to connect a single one of the hardware
modules to be tested between the second streaming data
input and the second streaming data output while detour-
ing all of the other hardware modules of all functional
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units of the circuit arrangement.
[0012] In the embodiment of the circuit arrangement
with a first and a second streaming data bus, the switch
matrices are also configurable to establish a first stream-
ing data path for streaming processing data through the
circuit arrangement and to establish a broadcast connec-
tion at an output of a module to be tested so that down-
stream the module to be tested streaming data are sup-
plied to both the first streaming data path for normal
processing operation, and to the second streaming data
bus for detecting test data from the module to be tested
under real-time processing conditions at a trace output
of the second streaming data bus.
[0013] The hardware modules may be any of a group
comprising hardware accelerators, local memory and lo-
cal processors.
[0014] According to a second aspect of the invention
there is provided a method for testing a circuit arrange-
ment which has a plurality of functional units that are
coupled by at least one streaming data bus, wherein each
of the functional units comprises a plurality of hardware
modules and a switch matrix that has at least one stream-
ing data input and at least one streaming data output and
is connected between a streaming data input and a
streaming data output of the respective functional unit
and is further coupled to each of the hardware modules.
The method comprises the steps of providing at least one
of the streaming data busses with a data width of at least
that of the widest hardware module of any of the func-
tional units of the circuit arrangement; configuring the
switch matrices of the circuit arrangement to establish a
streaming data path between and through the plurality
of functional units; and using the streaming data path as
a test link for any of the hardware modules.
[0015] In a case where the plurality of functional units
are coupled by a single streaming data bus the method
further comprises configuring the switch matrices of the
circuit arrangement to establish a streaming data path
that passes from the single streaming data input through
a single one of the hardware modules that is to be tested
and to the single streaming data output while detouring
all of the other hardware modules of all functional units
of the circuit arrangement; feeding a test sequence from
the input to the hardware module to be tested; and de-
tecting test data at the output.
[0016] In a case where the plurality of functional units
are coupled by a first and a second streaming data bus
the method further comprises providing the second
streaming data bus with a data width of at least that of
the widest hardware module of any of the functional units
of the circuit arrangement, for use as a test link. As with
the case of a single streaming data bus the testing meth-
od may comprise the further steps of configuring the
switch matrices to connect a single one of the hardware
modules to be tested between the second streaming data
input and the second streaming data output while detour-
ing all of the other hardware modules of all functional
units of the circuit arrangement; feeding a test sequence

from the second input to the hardware module to be test-
ed; and detecting test data at the second output.
[0017] Most advantageously, in case of a first and a
second streaming data bus being provided, the testing
method may comprise testing a hardware module under
real-time processing conditions. In that case the method
further comprises the steps of configuring the switch ma-
trices to establish a first streaming data path and stream-
ing processing data through the first streaming path; con-
figuring the switch matrices to establish a broadcast con-
nection at an output of a module to be tested to supply
streaming data downstream the module to be tested to
the first streaming data path for normal processing op-
eration, and to the second streaming data bus, and de-
tecting test data from the module to be tested under real-
time processing conditions at a trace output of the second
streaming data bus.
[0018] In configuring the switch matrices of each indi-
vidual processing unit, the configuration of each switch
matrix may be controlled by a local processor such as a
DSP or a RISC that constitutes a component of that
processing unit. The local processor in turn can be con-
trolled by firmware. In another embodiment, the config-
uration of the switch matrices of the individual processing
units may be controlled by a controller of the circuit ar-
rangement external to said functional units, thereby of-
fering the possibility of testing even a local processor that
constitutes a component of any processing unit of a circuit
arrangement. In an application example in which the cir-
cuit arrangement represents an LTE physical layer sub-
system of a telecommunications device, configuration of
the switching matrices of the individual processing units
for test/trace purposes may be controlled by the main
controller.
[0019] The provided solution enables real time tracing
on streaming based, data driven architectures. It com-
bines circuit architecture features, streaming broadcast
features and a dedicated multi-purpose test link with a
minimum of hardware overhead and simplicity of integra-
tion to add real time trace capabilities while ensuring ob-
servability and controllability. That is, the streaming
based trace approach does not influence the behavior of
the system and consumes little power, requires less chip
area compared to known tracing approaches and is easy
to extend and to adapt.

Brief Description of the Drawings

[0020] Additional features and advantages of the
present invention will be apparent from the following de-
tailed description of specific embodiments which is given
by way of example only and in which reference will be
made to the accompanying drawings, wherein:

Fig. 1 illustrates the generic architecture of a func-
tional unit of a circuit arrangement according
to one embodiment of the invention;

3 4 



EP 2 557 501 A1

4

5

10

15

20

25

30

35

40

45

50

55

Fig. 2 shows a circuit arrangement according to one
embodiment of the invention;

Fig. 3 illustrates an operational example of a test
method according to one embodiment of the
invention in the circuit arrangement of Fig. 2;

Fig. 4 illustrates the generic architecture of a func-
tional unit of a circuit arrangement according
to another embodiment of the invention;

Fig. 5 illustrates an operational example of a test
method in a circuit arrangement comprising
functional units as shown in Fig. 4, including
real-time tracing;

Fig. 6 illustrates basic aspects of a data broadcast-
ing scenario as used according to the inven-
tion;

Fig. 7 illustrates signal flow in the data broadcasting
scenario of Fig. 6;

Fig. 8 illustrates one embodiment of broadcast syn-
chronization that can be used with the inven-
tion;

Fig. 9 illustrates another embodiment of broadcast
synchronization that can be used with the in-
vention;

Fig. 10 illustrates one example of the signal forms of
a streaming data transfer protocol that can be
used with the invention; and

Fig. 11 shows an implementation of a synchronizer
that can be used with the invention.

Detailed Description

[0021] Fig. 1 illustrates the generic architecture of a
functional unit of a circuit arrangement according to one
embodiment of the invention. This generic architecture
of a functional unit has already been proposed for a tel-
ecommunications modem as disclosed in the applicant’s
co-pending European patent application "Modem Archi-
tecture" (EP 10 197 313.9). The functional units are com-
ponents of a system-on-chip (SoC). To give an applica-
tion example, the functional units may constitute compo-
nents of an LTE layer subsystem of a telecommunica-
tions device, in which case the functional units may be
any of a digital front end (DFE) unit, LTE Tx unit, shared
RAM unit, forward error correction (FEC) data unit, fast
Fourier transform (FFT) unit, parameter estimation unit,
searcher unit, and FEC control unit, without being limited
thereto.
[0022] A functional unit 1 as represented in Fig. 1 com-
prises a plurality of hardware modules which may include

a local RISC or digital signal processor, as shown at 40,
a plurality of hardware accelerators 21 - 23, and, option-
ally, a memory module 30. Also, each of the functional
units comprises a switch matrix 10 connected between
a streaming data input of the respective functional unit
and each of said sub-components. Each column of six
points, as exemplified by reference numeral 11, may be
understood as a seven point switch wherein the points
represent potential connection points. The switch matrix
can be configured at run time. Local processor 40 is
adapted to receive task instructions from a higher level
controller over a control bus system using a first protocol.
The first protocol includes addressing and may be a AHB
based protocol. The local processor 40, in response to
the task instructions from the controller, may be adapted
to configure hardware modules 21 - 23, 30 and switch
matrix 10 to selectively produce connections between
the streaming data input and said sub-components in a
manner to perform the dedicated task on the data that
are streamed through the functional unit on a streaming
data path as defined by the switch matrix. It should be
noted here that the presence of processor 40 is optional
and that, if provided, the connection thereof to the switch
matrix is optional. In another embodiment of the invention
the configuration of the switch matrix of an individual
processing unit may be controlled by a controller of the
circuit arrangement external to that functional unit which
case even offers the possibility of testing a local proces-
sor that constitutes a component of this processing unit.
In yet another embodiment of the invention a functional
unit can be provided without a local processor which is
the case in the embodiment shown in Fig. 4, or, in another
embodiment, a functional unit can be provided that in-
cludes a local processor which however need not be con-
nected to the switch matrix.
[0023] For streaming data through a functional unit and
between several functional units of a circuit arrangement,
a handshake based data streaming protocol is used. One
embodiment of the invention uses the data streaming
protocol as illustrated in Fig. 10 and described in the ap-
plicant’s co-pending European patent application "Meth-
od for High Speed Data Transfer" (EP 10 197 315.4). It
comprises three binary signals including a valid and an
accept signal for handshaking between a data source
and a data sink, and a frame signal which marks the
beginning and the end of a logical group of data elements
within a data stream. Further details will be described
below in conjunction with Fig. 6 to Fig. 9.
[0024] Generally, by using switchable matrices the
point-to-point connections between hardware modules
of a functional unit can be changed. Fig. 2 illustrates a
circuit arrangement 20 according to one embodiment of
the invention. Circuit arrangement 20 comprises three
functional units, 210, 220, 230, which are designed sim-
ilar to that illustrated in Fig. 1. So each of functional units
210, 220, 230 comprises hardware modules, 212, 213;
222, 223; and 232, 233, respectively, and a switch matrix,
211; 221; 231, respectively, that is coupled between a
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respective streaming data input of the respective func-
tional unit and each of the hardware modules of the re-
spective functional unit. Switch matrices 211, 221, 231
are configurable to provide a continuous streaming data
path between the functional units and through each of
the functional units passing selected one of the hardware
modules and detouring others, according to the config-
uration defined by the switch matrices. A streaming data
path of a specific operational example is represented in
the Fig. 2 by hollow arrows. As can be seen in the figure,
the data stream passes from the streaming data input of
circuit arrangement 20 into functional unit 210, through
switch matrix 211 thereof to hardware accelerator 212,
then again through switch matrix 211 to hardware module
213, again through switch matrix 211 and out of functional
unit 210 to functional unit 220. In functional unit 220, the
data stream passes through switch matrix 221 thereof to
hardware module 213, and again through switch matrix
221 to the output of functional unit 220, in detouring hard-
ware module 222. From the output of functional unit 220,
the data stream passes into functional unit 230, into the
switch matrix 231 thereof, from there through hardware
module 232, and again through switch matrix 231 to the
output of functional unit 230 and the output of the circuit
arrangement.
[0025] In circuit arrangement 20, the functional units
are coupled by a single streaming data bus, so according
to the invention this streaming data bus is provided with
a data width of at least that of the widest hardware module
of any of the functional units of the circuit arrangement
so that it can be configured as a test link for any of the
hardware modules.
[0026] Fig. 3 illustrates an operational example of a
test method according to one embodiment of the inven-
tion in the circuit arrangement of Fig. 2. As can be seen
in the figure, switch matrices 211, 221, 231 are configured
such as to connect hardware module 300 which is the
module to be tested between the single streaming data
input and the single streaming data output of circuit ar-
rangement 20 while detouring all of the other hardware
modules of all functional units of the circuit arrangement.
So a test sequence can be supplied to hardware module
300, and test data can be detected at the output of circuit
arrangement 20. Otherwise stated, a test on an MuT
(Module under Test) can be performed by generating ex-
ternal stimuli and evaluating the MuT’s behavior at the
output of the circuit arrangement while the MuT is isolated
from the rest of the circuit arrangement, and is control-
lable and observable.
[0027] Fig. 4 illustrates the generic architecture of a
functional unit 400 of a circuit arrangement according to
another embodiment of the invention. Functional unit 400
is similar to the functional units described above with ref-
erence to Fig. 2 and Fig. 3. Additionally, functional unit
400 comprises a second streaming data bus which pro-
vides a multi-purpose streaming link and will be referred
to as a ’test link’ below. As can be seen in the figure, the
test link requires an additional streaming data test input

and output to functional component 400 and switch ma-
trix 41.
[0028] In this embodiment of the invention, the test link
may have the following purposes:

(1) isolate the MuT in test mode;
(2) Provide test data directly to the MuT by connect-
ing the inputs via the test link and switching matrices
to the primary inputs of the circuit device or another
data source, so ensuring controllability of the MuT;
(3) Provide the output data of the MuT directly to the
primary output or another data sink by routing them
through the test link and the switch matrices, so en-
suring observability of the MuT;
(4) Trace output data of the MuT to the primary output
in an operational mode of the circuit device so pro-
viding for validation of an MuT.

[0029] Tracing herein is intended to refer to a way for
debugging which may be performed e.g. by recording
output data from an MuT in trace memory, generating
reference data for the MuT and comparing the output
data with the reference data.
[0030] Obviously, with the architecture as shown in Fig.
2 it would be quite difficult to provide trace data to an
MuT or to observe undistorted output data of the MuT
under real-time operation conditions of the circuit ar-
rangement as both input and output data have to pass
other processing modules which would modify the data.
[0031] Fig. 5 illustrates an operational example of a
real-time tracing procedure in a circuit arrangement com-
prised of functional units as shown in Fig. 4.
[0032] In the circuit arrangement of Fig. 5, all hardware
modules can be connected to the test input via the switch
matrices, and all module outputs can be connected to
the test output via the switch matrices. So test data can
be provided via the additional test link directly to an MuT
523 without a devious route through other hardware mod-
ules, in similar manner as shown in Fig. 3 which however
uses the single streaming data bus for test purposes.
[0033] The major advantage of the embodiment with
the additional test link is that it can also be used for data
tracing in the functional mode of the circuit device. The
trace functionality is enabled by combining the test link
with a streaming data broadcast feature which is de-
scribed in the applicant’s co-pending EP application
10153465.9 entitled "Method and device for synchroniz-
ing data broadcasts". Apart from the hardware effort for
the broadcast implementation within the switch matrix,
which will be described below with reference to Fig. 6 ff.,
this feature comes almost for free because the test link
is already there for test purposes. In the functional mode,
the test link is not allocated and can be used for trace
exclusively. This means, the real time behavior of the
system is not affected or influenced in any case. Tracing
data using the new approach enables observability of all
modules’ inputs and outputs that are connected to a
switch matrix.
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[0034] In the operational example of Fig. 5, data of
hardware module 523 of functional unit 520 are traced.
Switch matrices 511, 521, and 531 are configured so that
a first streaming data path is establish similar to that il-
lustrated in Fig. 2. Additionally, switch matrices 511, 521
and 531 are configured so that a broadcast connection
is established at the output of the MuT 523. Thus, down-
stream MuT 523 the streaming data are supplied to the
first streaming data path for normal processing operation,
and are also supplied to the test link which supplies that
data directly to a trace output of the circuit arrangement
in detouring any further hardware modules.
[0035] Fig. 6 illustrates basic aspects of a data broad-
casting scenario as used according to the invention, and
Fig. 7 illustrates the signal flow in the data broadcasting
scenario of Fig. 6. Most generally stated, data streams
are to be broadcasted by a transmitting unit to a plurality
of receiving units. Each data stream to a respective re-
ceiver has a different speed and each receiver acts in-
dependently, so the acknowledge latency is not predict-
able. The transmitter has to ensure that all receivers have
received the first data word before the second data word
is delivered. In Fig. 7, after the transmitter has broadcast-
ed a first data word, data1, it first receives an acknowl-
edge message from receivers 1 and 3, "Ack RCV1"; "Ack
RCV3" followed by an acknowledge message from re-
ceiver 2, "Ack RCV2". Once, acknowledge messages
have been received from all receivers, the transmitter
broadcasts a second data word, data2, and then again
waits for acknowledge messages from the receivers.
[0036] For detecting the moment when acknowledge
messages have arrived from all receivers, it has been
proposed to include a synchronizer module in the trans-
mitter which synchronizer collects all acknowledge mes-
sages from the receivers and generates an indication
when the next data can be transmitted, as described in
the applicant’s co-pending European patent application
entitled "Method and device for synchronizing data
broadcasts" (EP10153465.9).
[0037] Fig. 8 illustrates one embodiment of broadcast
synchronization in which the synthesizer is level based,
e.g. when a receiver receives a data word, its ACK signal
goes to high level. Synchronization is reached when all
acknowledge signals from the receivers are "high". This
is illustrated in Fig. 8 at time Tsync. The implementation
of the synchronizer is really simple, if the acknowledge
message is transmitted on a 1-bit line. In that case, the
synchronizer may consist of a logical gate, typically a
logic AND gate. When all three ACK signals, Ack RCV
1-3 of Fig. 8 have been received, the AND gate outputs
a "1" meaning all acknowledgements have been detected
and the next data word can be transferred.
[0038] Fig. 9 illustrates another embodiment of broad-
cast synchronization in which the receivers acknowledge
by a high active pulse. In this case, the synchronizer has
to capture these pulses. Synchronization is done, when
all pulses are captured which is illustrated in the figure
at time Tsync. One implementation example of a syn-

chronizer for this case is shown in Fig. 11. A small edge
detection unit or state machine is added in each Ack input
path which traps each pulse, and the outputs thereof are
"AND"-ed to detect when the next data word can be trans-
ferred.
[0039] Fig. 10 illustrates one example of the signal
forms of a streaming data transfer protocol that can be
used with the invention; and Fig. 11 shows an implemen-
tation of a synchronizer that can be used with the inven-
tion.
[0040] Fig. 10 shows the streaming signals used for
data transfer through a plurality of functional units of an
SoC according to a preferred embodiment of the inven-
tion. This streaming data transfer protocol comprises four
signals: data, valid, accept, frame. The valid/accept sig-
nals are similar to that from other handshake-based
transfer protocols and are used to drive and stall the com-
munication from source to sink. Source and sink can set
or reset these signals at any time. Data is taken over if
both are "high" on the rising edge of the clock. Data
source and data sink must have the same understanding
of what the frame signal means. Data source and data
sink, herein, can be any of the functional units of an SoC.
A ’frame’ in the sense of this transfer protocol is a logical
group or sequence of data, such as e.g. an OFDM sym-
bol, a block of control data, a block of information data,
etc.
[0041] Used in conjunction with the method for syn-
chronizing data broadcast as described above, the trans-
mitter of Fig. 6 corresponds to a data source and receiv-
ers 1 - 3 correspond to a data sink. The data frame con-
sisting of data elements D0, D1, D2, D3, in Fig. 10 is
equivalent to a data word, data1 or data2, in Fig. 7. The
accept signal of Fig. 10 corresponds to acknowledge sig-
nals Ack RCV1... Ack RCV3 of Fig. 7.
[0042] When used in conjunction with the invention,
the above data broadcast synchronizer will be imple-
mented in each of the switch matrices 511, 521, and 531
of the embodiment shown in Fig. 5. It will be understood
that the invention is not limited to be used in conjunction
with this particular transfer protocol but can generally be
used with any handshake-type data streaming protocol.

Claims

1. A circuit arrangement comprising a plurality of func-
tional units (210, 220, 230; 400; 510, 520, 530) that
are coupled by at least one streaming data bus, each
of said functional units comprising a plurality of hard-
ware modules (212, 213, 222, 223, 232, 233; 512,
513, 522, 523, 532, 533) and a switch matrix (211,
221, 231; 41; 511, 521, 531), wherein the switch ma-
trix has at least one streaming data input and at least
one streaming data output and is connected between
a streaming data input and a streaming data output
of the respective functional unit and is further cou-
pled to each of said hardware modules so that by
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configuring the switch matrix a streaming data path
is established between and through the plurality of
functional units;
wherein at least one of the streaming data busses
has a data width of at least that of the widest hard-
ware module of any of the functional units of the cir-
cuit arrangement to be configurable as a test link for
any of said hardware modules.

2. The circuit arrangement of claim 1, wherein the plu-
rality of functional units (210, 220, 230) are coupled
by a single streaming data bus, and wherein said the
switch matrices (211, 221, 231) are configurable to
connect a single one of said hardware modules (300)
that is to be tested between said single streaming
data input and said single streaming data output
while detouring all of the other hardware modules of
all functional units of the circuit arrangement.

3. The circuit arrangement of claim 1, wherein the plu-
rality of functional units (400; 510, 520, 530) are cou-
pled by a first and a second streaming data bus, and
wherein at least one of the streaming data busses
has a data width of at least that of the widest hard-
ware module of any of the functional units of the cir-
cuit arrangement, for use as a test link.

4. The circuit arrangement of claim 3, wherein the
switch matrices (41; 511, 521, 531) are configurable
to connect a single one of said hardware modules
to be tested between said second streaming data
input and said second streaming data output while
detouring all of the other hardware modules of all
functional units of the circuit arrangement.

5. The circuit arrangement of claim 3, wherein the
switch matrices (511, 521, 531) are configurable to
establish a first streaming data path for streaming
processing data through the circuit arrangement and
to establish a broadcast connection at an output of
a module (523) to be tested so that downstream said
module to be tested streaming data are supplied to
both said first streaming data path for normal
processing operation, and to the second streaming
data bus for detecting test data from said module to
be tested under real-time processing conditions at a
trace output of said second streaming data bus.

6. The circuit arrangement of any of claims 1 to 5,
wherein said hardware modules are selected from a
group consisting of hardware accelerators, local
memory and local processor.

7. A method for testing integrated circuitry, comprising:

providing a circuit arrangement with a plurality
of functional units that are coupled by at least
one streaming data bus, each of said functional

units comprising a plurality of hardware modules
and a switch matrix, wherein the switch matrix
has at least one streaming data input and at least
one streaming data output and is connected be-
tween a streaming data input and a streaming
data output of the respective functional unit and
is further coupled to each of said hardware mod-
ules;
providing at least one of said streaming data
busses with a data width of at least that of the
widest hardware module of any of the functional
units of the circuit arrangement;
configuring the switch matrices of the circuit ar-
rangement to establish a streaming data path
between and through the plurality of functional
units; and
using said streaming data path as a test link for
any of said hardware modules.

8. The method of claim 7, wherein the plurality of func-
tional units are coupled by a single streaming data
bus and the method further comprises:

configuring the switch matrices of the circuit ar-
rangement to establish a streaming data path
that passes from said single streaming data in-
put through a single one of said hardware mod-
ules that is to be tested and to said single stream-
ing data output while detouring all of the other
hardware modules of all functional units of the
circuit arrangement;
feeding a test sequence from said input to said
hardware module to be tested; and
detecting test data at said output.

9. The method of claim 7, wherein the plurality of func-
tional units are coupled by a first and a second
streaming data bus and the method further compris-
es:

providing the second streaming data bus with a
data width of at least that of the widest hardware
module of any of the functional units of the circuit
arrangement, for use as a test link.

10. The method of claim 9, further comprising:

configuring the switch matrices to connect a sin-
gle one of said hardware modules to be tested
between said second streaming data input and
said second streaming data output while detour-
ing all of the other hardware modules of all func-
tional units of the circuit arrangement;
feeding a test sequence from said second input
to said hardware module to be tested; and
detecting test data at said second output.

11. The method of claim 9, further comprising:
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configuring the switch matrices to establish a
first streaming data path and streaming process-
ing data through said first streaming path;
configuring the switch matrices to establish a
broadcast connection at an output of a module
to be tested to supply streaming data down-
stream said module to be tested to said first
streaming data path for normal processing op-
eration, and to said second streaming data bus,
and
detecting test data from said module to be tested
under real-time processing conditions at a trace
output of said second streaming data bus.

12. The method of any of claims 7 to 11, wherein the
configuration of the switch matrix in each individual
processing unit is controlled by a local processor of
said processing unit.

13. The method of claim 7 to 11, wherein the configura-
tion of the switch matrices of the individual process-
ing units is controlled by a controller of the circuit
arrangement external to said functional units.
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